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IXQFWLRQDO UHTXLUHPHQWV EXW DOVR WR LQWHJUDWH PDFKLQH WRROV
GHVLJQIL[WXUHVPRQLWRULQJFRQWURODXWRPDWLRQORJLVWLFVDQG
TXDOLW\IXQFWLRQVLQDGGLWLRQWREXLOGLQJLQSK\VLFDODQGORJLFDO
HQDEOHUV RI IOH[LELOLW\ DQG DGDSWDELOLW\ 7KLV LV SDUWLFXODUO\
LPSRUWDQW JLYHQ WKH SUROLIHUDWLRQ RI SURGXFWV YDULHW\ DQG
FXVWRPL]DWLRQDQGIUHTXHQWFKDQJHVLQWHFKQRORJ\DQGPDUNHW
GHPDQGV 7KH FORVH LQWHJUDWLRQ DQG FRGHYHORSPHQW RI
SURGXFWV DQG WKHLUPDQXIDFWXULQJ V\VWHPVPDNHV WKHGHVLJQ
SODQQLQJ DQG FRQWURO RI PDQXIDFWXULQJ V\VWHPV D FRPSOH[
PXOWLGLVFLSOLQDU\ DSSOLFDWLRQ RI PDQ\ IXQGDPHQWDOV WDXJKW
WKURXJKRXW WKH HQJLQHHULQJ HGXFDWLRQ FXUULFXOXP LQ VHSDUDWH
VXEMHFWV 0DQXIDFWXULQJ V\VWHPV HQJLQHHULQJ FRPELQHV WKH
NQRZOHGJH UHTXLUHG WR V\QWKHVL]H LQFUHDVLQJO\ FRPSOH[
PDQXIDFWXULQJ V\VWHPV7KHUHIRUH LW LV LPSRUWDQW WR SURYLGH
VWXGHQWV ZLWK RSSRUWXQLWLHV WR SXW ZKDW WKH\ OHDUQHG LQWR
SUDFWLFHDQGDQHQYLURQPHQWZKLFKDOORZVPHDQLQJIXOKDQGV
RQOHDUQLQJH[SHULHQFH
/HDUQLQJ )DFWRULHV KDYH WKH SRWHQWLDO WR SURYLGH VXFK DQ
RSSRUWXQLW\LIWKH\DUHSODQQHGWRIXOILOOWKHVHREMHFWLYHV0DQ\
/HDUQLQJ)DFWRULHVH[LVWZKLFKIRFXVRQRQHRUPRUHDVSHFWVRI
PDQXIDFWXULQJ NQRZOHGJH VXFK DV FHUWDLQ SURFHVVHV DQG
WHFKQRORJLHV OHDQ PDQXIDFWXULQJ VL[VLJPD V\VWHPV
PDQDJHPHQW VWUDWHJLHV RU HQHUJ\ FRQVXPSWLRQ DQG JUHHQ
HQJLQHHULQJWHFKQLTXHV7KH\SURYLGHGHSWKRINQRZOHGJHLQ
WKHVSHFLILF WRSLFV/HDUQLQJIDFWRULHVFDQDOVREHSODQQHGWR
SURYLGH V\VWHPVRULHQWHG DQG LQWHJUDWHG SURGXFW±V\VWHP
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GHYHORSPHQW DQG RSHUDWLRQ OHDUQLQJ H[SHULHQFH DQG KHOS
DFTXLUHDQGLPSOHPHQWWKHQHFHVVDU\EUHDGWKRINQRZOHGJH
7KLV SDSHU GLVFXVVHV WKH ERG\ RI NQRZOHGJH UHTXLUHG IRU
HQJLQHHULQJHGXFDWLRQDQGLQSDUWLFXODUPDQXIDFWXULQJV\VWHPV
HQJLQHHULQJ,WKLJKOLJKWVWKHQHHGIRUIOH[LEOHDGDSWDEOHDQG
FKDQJHDEOH PDQXIDFWXULQJ V\VWHPV DQG KRZ WKH\ VKRXOG EH
GHVLJQHGDQGRSHUDWHG([LVWLQJW\SHVRI/HDUQLQJ)DFWRULHVDUH
EULHIO\ RYHUYLHZHG $ UHFRQILJXUDEOH V\VWHPVRULHQWHG
/HDUQLQJ)DFWRU\ZKLFKLQWHJUDWHVSURGXFWDQGV\VWHPGHVLJQ





2.1. The engineering body of knowledge concept 
$ SURIHVVLRQ¶V ERG\ RI NQRZOHGJH %R. LV LWV FRPPRQ
LQWHOOHFWXDOJURXQGWKDWLVVKDUHGE\HYHU\RQHLQWKHSURIHVVLRQ
7KH(QJLQHHULQJ%R.DVXVHGLQWKLVSDSHULVGHILQHGDVWKH
GHSWK DQG EUHDGWK RI NQRZOHGJH VNLOOV DQG DWWLWXGHV
DSSURSULDWH WR HQWHU SUDFWLFH DV D SURIHVVLRQDO HQJLQHHU LQ
UHVSRQVLEOH FKDUJH RI HQJLQHHULQJ DFWLYLWLHV WKDW SRWHQWLDOO\
LPSDFWSXEOLFKHDOWKVDIHW\DQGZHOIDUH:LWKLQWKH%R.L
.QRZOHGJHFRQVLVWVRIFRPSUHKHQGLQJWKHRULHVSULQFLSOHVDQG






WR GR E\ WKH WLPH RI HQWU\ LQWR SURIHVVLRQDO SUDFWLFH LQ D
UHVSRQVLEOHUROH$JLYHQFDSDELOLW\W\SLFDOO\FRQVLVWVRIPDQ\
GLYHUVH DQG VSHFLILF DELOLWLHV (DFK FDSDELOLW\ LV XVXDOO\
DFTXLUHG E\ D FRPELQDWLRQ RI HQJLQHHULQJ HGXFDWLRQ DQG
H[SHULHQFH 7KH 1DWLRQDO 6RFLHW\ RI 3URIHVVLRQDO (QJLQHHUV
163(>@OLVWVFDSDELOLWLHVFRPSULVLQJWKHUHFRPPHQGHG
(QJLQHHULQJ %R. 7KH\ DUH RUJDQL]HG LQWR WKUHH FDWHJRULHV
QDPHO\³Basic or Foundational, Technical, and Professional 
Practice $ %DVLF RU )RXQGDWLRQDO &DSDELOLWLHV 
0DWKHPDWLFV  1DWXUDO 6FLHQFHV  +XPDQLWLHV DQG 6RFLDO
6FLHQFHV % Technical Capabilities  0DQXIDFWXULQJ 
&RQVWUXFWLRQ  'HVLJQ  (QJLQHHULQJ (FRQRPLFV 
(QJLQHHULQJ6FLHQFH(QJLQHHULQJ7RROV([SHULPHQWV
3UREOHP 5HFRJQLWLRQ DQG 6ROYLQJ  4XDOLW\ &RQWURO DQG
4XDOLW\$VVXUDQFH5LVN5HOLDELOLW\DQG8QFHUWDLQW\
6DIHW\  6RFLHWDO ,PSDFW  6\VWHPV (QJLQHHULQJ 
2SHUDWLRQV DQG 0DLQWHQDQFH  6XVWDLQDELOLW\ DQG
(QYLURQPHQWDO ,PSDFW 7HFKQLFDO%UHDGWK 7HFKQLFDO
'HSWKDQG&Professional Practice Capabilities%XVLQHVV
$VSHFWV RI (QJLQHHULQJ  &RPPXQLFDWLRQ  (WKLFDO
5HVSRQVLELOLW\  *OREDO .QRZOHGJH DQG $ZDUHQHVV 
/HDGHUVKLS  /HJDO $VSHFWV RI (QJLQHHULQJ  /LIHORQJ
/HDUQLQJ3URIHVVLRQDO$WWLWXGHV3URMHFW0DQDJHPHQW
3XEOLF3ROLF\DQG(QJLQHHULQJ7HDPZRUN´
,W VKRXOG EH QRWHG WKDW PDQXIDFWXULQJ DQG V\VWHPV
HQJLQHHULQJKDYH LQFUHDVHG LQ LPSRUWDQFH LQ UHFHQW \HDUV LQ
SUDFWLFH DV ZHOO DV LQ WKH HGXFDWLRQ FXUULFXOXP 6\VWHPV
HQJLQHHULQJ LV D KROLVWLF SURGXFWRULHQWHG HQJLQHHULQJ
GLVFLSOLQH WKHREMHFWLYHRIZKLFK LV WRFUHDWHDQGH[HFXWHDQ
LQWHUGLVFLSOLQDU\ SURFHVV WR HQVXUH WKDW FXVWRPHU DQG
VWDNHKROGHUQHHGVDUHVDWLVILHGLQDKLJKTXDOLW\ WUXVWZRUWK\
FRVW HIILFLHQW DQG VFKHGXOH FRPSOLDQW PDQQHU WKURXJKRXW D
V\VWHP¶V OLIH ,W UHTXLUHV PDQ\ RI WKH HQJLQHHULQJ %R.




OD\RXW SODQQLQJ SURGXFWLRQ DQG PDQDJHPHQW VWUDWHJLHV DQG
PDQXIDFWXULQJ V\VWHPV SDUDGLJPV )LJXUH  LOOXVWUDWHV NH\
WHFKQRORJLHVXVHG WKURXJKRXW WKHSURGXFW DQGPDQXIDFWXULQJ
V\VWHPV OLIHF\FOH $FFUHGLWDWLRQ SURFHVVHV UHTXLUH WKDW
HQJLQHHUV EHIRUH JUDGXDWLQJ PXVW FRPSOHWH D ³&DSVWRQH´
HQJLQHHULQJGHVLJQSURMHFWXVXDOO\ZLWKLQGXVWU\DQGZULWHD





2.2. Importance of manufacturing systems engineering 
$ SURVSHURXV HFRQRP\ GHSHQGV RQ D ZHOOHGXFDWHG DQG




 RI VHUYLFH MREV DUH LQ PDQXIDFWXULQJ WKH DGYDQFHG
HFRQRPLHV¶ WUDGH GHILFLW LQ ODERULQWHQVLYH JRRGV LV 
%LOOLRQDQG%LOOLRQ LV WKHLU WUDGHVXUSOXV LQ LQQRYDWLYH
JRRGV´>@
0DQXIDFWXULQJ UHPDLQV FULWLFDOO\ LPSRUWDQW WR ERWK WKH
GHYHORSLQJDQGDGYDQFHGFRXQWULHVLQWKHZRUOG,QGHYHORSLQJ
HFRQRPLHVLWFRQWLQXHVWRSURYLGHDSDWKZD\IURPUHOLDQFHRQ
DJULFXOWXUH WR LQGXVWULDOL]DWLRQ DQG ULVLQJ LQFRPHV OLYLQJ
VWDQGDUGV DQG SURVSHULW\ ,Q GHYHORSHG HFRQRPLHV
PDQXIDFWXULQJ UHPDLQV D YLWDO VRXUFH RI LQQRYDWLRQ DQG
FRPSHWLWLYHQHVVPDNLQJVLJQLILFDQWFRQWULEXWLRQV WRUHVHDUFK




DGGLWLRQ WR DFKLHYLQJ HFRQRPLHV RI VFDOH WKURXJK PDVV
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SURGXFWLRQLWLVLQFUHDVLQJO\LPSRUWDQWWRDFKLHYHHFRQRPLHV
RI VFRSH E\ UDSLGO\ DQG HFRQRPLFDOO\ SURGXFLQJ DOWHUQDWLYH
YDULDQWV RI SURGXFWV WR VDWLVI\ GLYHUVH JOREDO FXVWRPHUV DQG
VHJPHQWHGPDUNHWV,Q WRGD\¶VJOREDOUDFHIRUPDQXIDFWXULQJ
VXFFHVV FRPSHWLWLRQ LV DOO DERXW LQQRYDWLRQ ,QQRYDWLRQ LQ







0DVV SURGXFWLRQ RI JRRGV DFKLHYHG economy of scale E\
H[WUHPHO\ OLPLWLQJ YDULHW\ VWDQGDUGL]LQJ PDQXIDFWXULQJ
PHWKRGVDQGXVLQJGHGLFDWHGSURGXFWLRQHTXLSPHQWDQGOLQHV
WRSURGXFHYHU\ODUJHQXPEHURIVDPHRUVLPLODUSURGXFWVZLWK
VWHDG\ GHPDQGV $V SURGXFWV YDULHW\ LQFUHDVHG economy of 
scope ZDV DFKLHYDEOH E\ FDSLWDOL]LQJ RQ VLPLODULW\ EHWZHHQ
SDUWV DQG SURGXFWV WR LQFUHDVH WKH HIILFLHQF\ RI GHVLJQ
SODQQLQJ WRROLQJ IL[WXULQJ IDEULFDWLRQ DVVHPEO\ DQG
WUDQVSRUWDWLRQ RI PHPEHUV RI D SUHSODQQHG SURGXFW IDPLO\
XVLQJFHOOXODUDQGIOH[LEOHPDQXIDFWXULQJV\VWHPV>@
9DULHW\DQGLQWHJUDWHGSURGXFWVV\VWHPVGHYHORSPHQW
7KH PDUNHW YRODWLOLW\ DQG GHPDQG IOXFWXDWLRQV DV ZHOO
LQFUHDVHG SURGXFWV YDULHW\ DQG FRPSOH[LW\ UHTXLUH DJLOLW\
DGDSWDELOLW\ UHVSRQVLYHQHVV DQG HIIHFWLYH XVH RI LQQRYDWLYH
HQDEOHUVRIFKDQJH$VFRQFHUQDERXWJOREDOZDUPLQJDQGWKH
FDUERQIRRWSULQWLQFUHDVHVFRPELQHGZLWKWKHZRUOGHFRQRPLF
FULVLV FRPSDQLHV ZLOO KDYH WR SURGXFH FORVHU WR PDUNHWV
OHDGLQJWRPRUHglocalization.+LJKFRVWZDJHV	VWDQGDUGRI
OLYLQJ PDQXIDFWXULQJ FRXQWULHV VXFK DV &DQDGD 86$ DQG
PDQ\(XURSHDQFRXQWULHVFDQQRW MXVWFRPSHWHRQZDJHVDQG
SURGXFWLYLW\ ,W LV LPSRUWDQW WR GHVLJQ DQG PDQXIDFWXUH
SURGXFWV VPDUWO\ WR UHJDLQ FRPSHWLWLYHQHVV ,W LV QR ORQJHU
VXIILFLHQWWRPDNHWKLQJVEHWWHUZHPXVWPDNHEHWWHUWKLQJV
&XUUHQW LQWHUQDWLRQDO LQLWLDWLYHV DQG SURJUDPV IRFXVHG RQ
³)XWXUH 0DQXIDFWXUH´ SODFH JUHDW HPSKDVLV RQ UHFHQW





LQ PDQXIDFWXULQJ ZKLFK FDQ FUHDWH VLJQLILFDQW FRPSHWLWLYH
DGYDQWDJHIRUPDQXIDFWXULQJHQWHUSULVHVRIDQ\VL]HLQFOXGH
IOH[LOH UHFRQILJXUDEOH DQG FKDQJHDEOH PDQXIDFWXULQJ
SDUDGLJPV LQWHOOLJHQW PDQXIDFWXULQJ V\VWHPV FXVWRPL]DWLRQ
DQG SHUVRQDOL]DWLRQ RI SURGXFWV LQWHOOLJHQW VHQVRUV DQG WKH
LQWHUQHWRIWKLQJVDQGSHUVRQDOL]HGPDQXIDFWXULQJ7KHUHIRUH
LW LV HVVHQWLDO WR LQWURGXFH HQJLQHHULQJ VWXGHQWV WR WKHVH
FRQFHSWVDQGWRROVDQGSURYLGHWKHPZLWKPHDQLQJIXOKDQGV




HQJLQHHULQJ HGXFDWLRQ LQ WKLV FRPSHWLWLYH LQWHUQDWLRQDO
HQYLURQPHQWDQGWRDFKLHYHWKHLQWHQGHGGHSWKRINQRZOHGJH
LQ LQGLYLGXDO VXEMHFWV LQ DGGLWLRQ WR WKH UHTXLUHG EUHDGWK RI
NQRZOHGJHLQPDQXIDFWXULQJHQJLQHHULQJHGXFDWLRQKDVOHGWR
WKH FRQFHSW RI ³/HDUQLQJ )DFWRULHV´ 7KLV LV DNLQ WR FOLQLFDO




³/HDUQLQJ )DFWRU\´ $W WKDW WLPH WKLV WHUP UHIHUUHG WR
LQWHUGLVFLSOLQDU\KDQGVRQVHQLRUHQJLQHHULQJFDSVWRQHGHVLJQ
SURMHFWVZLWKVWURQJOLQNVDQGLQWHUDFWLRQVZLWKLQGXVWU\KHQFH
HUDVLQJ WKH WUDGLWLRQDO ERXQGDULHV EHWZHHQ OHFWXUH DQG
ODERUDWRU\ DQG DFDGHPLD DQG LQGXVWULDO SUDFWLFH $ FROOHJH
ZLGH LQIUDVWUXFWXUH DQG  VT IW IDFLOLW\ HTXLSSHG ZLWK
PDFKLQHVPDWHULDOVDQGWRROVZDVHVWDEOLVKHGDQGXWLOL]HGE\
PRUH WKDQ  FRXUVHV WR VXSSRUW KXQGUHGV RI LQGXVWU\
VSRQVRUHG GHVLJQ >@ 7KH SURJUDP UHFHLYHG  1DWLRQDO
$FDGHP\ RI (QJLQHHULQJ¶V *RUGRQ 3UL]H IRU ,QQRYDWLRQ LQ
(QJLQHHULQJ(GXFDWLRQ7KLVHDUO\PRGHORI/HDUQLQJ)DFWRULHV
HPSKDVL]HG WKH KDQGVRQ H[SHULHQFH JDLQHG E\ DSSO\LQJ
NQRZOHGJHOHDUQHGDWWKHFXOPLQDWLRQRIHQJLQHHULQJHGXFDWLRQ
WR VROYH UHDO SUREOHPV LQ LQGXVWU\ DQG GHVLJQUHGHVLJQ
SURGXFWVWRVDWLVI\LGHQWLILHGQHHGV
7KH ZRUG ³)DFWRU\´ LQ WKLV HDUO\ FRQFHSW RI ³/HDUQLQJ
)DFWRULHV´ DQG PDQ\ WKDW IROORZHG UHIHUV WR WKH HQWLUH
VXSSRUWLQJ HGXFDWLRQDO HQYLURQPHQW DQG SK\VLFDO IDFLOLWLHV
ZKLFK FRQQHFW LQGXVWU\ ZLWK IDFXOW\ DQG LQFUHDVH VWXGHQW
HQJDJHPHQW DQG SURYLGH WKHP ZLWK UHDOLVWLF IDFWRU\ OLNH
H[SHULHQFH7KHOLWHUDOPHDQLQJRI³)DFWRU\´EHLQJDFROOHFWLRQ
RIKDUGZDUHDQGVRIWZDUHHQWLWLHVWKDWSURGXFHDUWLIDFWVIRXQG
LWV ZD\ UHFHQWO\ WR VRPH /HDUQLQJ )DFWRULHV 7KH ZRUG
³/HDUQLQJ´ DV RSSRVHG WR ³7HDFKLQJ´ HPSKDVL]HV WKH
LPSRUWDQFHRIH[SHULHQWLDOOHDUQLQJZKHUHUHVHDUFKKDVVKRZQ
WKDWOHDUQLQJE\GRLQJOHDGVWRJUHDWHUUHWHQWLRQWKDQRWKHU
PHWKRGV VXFK DV OHFWXUH UHDGLQJ JURXS GLVFXVVLRQ
GHPRQVWUDWLRQDQGVLPXODWLRQ>@
5HFHQW/HDUQLQJ)DFWRULHVLQLWLDWLYHVDQGIRFL
/HDUQLQJ )DFWRULHV KDYH EHFRPH PRUH ZLGH VSUHDG
SDUWLFXODUO\LQ(XURSHDQGKDYHWDNHQPDQ\IRUPVRIIDFLOLWLHV
YDU\LQJ LQ VL]H DQG VRSKLVWLFDWLRQ DLPLQJ WR HQKDQFH WKH
OHDUQLQJ H[SHULHQFH RI VWXGHQWV LQ RQH RU PRUH DUHDV RI
PDQXIDFWXULQJHQJLQHHULQJNQRZOHGJH$VXUYH\ LQ >@
GRFXPHQWHGDQGFODVVLILHG WKHVH OHDUQLQJIDFWRULHVDQGPRUH






6RPH UHSUHVHQWDWLYH H[DPSOHV RI /HDUQLQJ )DFWRULHV ZLWK
GLIIHUHQWHGXFDWLRQDOIRFLDQGSK\VLFDOLPSOHPHQWDWLRQLQFOXGH
WKRVH DW WKH ,QVWLWXWH RI 3URGXFWLRQ 6\VWHPV DQG /RJLVWLFV
/HLEQL] 8QLYHUVLW\ +DQRYHU IRU ORJLVWLFV DQG FKDQJHDELOLW\
7HFKQLFDO8QLYHUVLW\RI&KHPQLW]IRUDVVHPEO\DQGHQHUJ\DQG
WKH,QVWLWXWHIRU0DFKLQH7RRODQG,QGXVWULDO0DQDJHPHQWRI
WKH 7HFKQLFDO 8QLYHUVLW\ RI0XQLFK IRU HQHUJ\ SURGXFWLYLW\
DQG FRQVXPSWLRQ RSWLPL]DWLRQ MXVW WR PHQWLRQ D IHZ 7KH
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/HDUQLQJ)DFWRU\IRUDGYDQFHG,QGXVWULDO(QJLQHHULQJD,(DW
WKH ,QVWLWXWH RI ,QGXVWULDO 0DQXIDFWXULQJ DQG 0DQDJHPHQW
,))8QLYHUVLW\RI6WXWWJDUWLVIRFXVHGRQWKHOLQNEHWZHHQ
GLJLWDOSURGXFWLRQSODQQLQJDQGLPSOHPHQWDWLRQRIWKHSK\VLFDO
PRGHOV LQ WKH ODERUDWRU\ >@7KLV7UDQVIRUPDEOH3URGXFWLRQ
3ODWIRUP FRPSULVHV VWDQGDUGL]HG DQG PRELOH 3OXJ DQG 3OD\
PRGXOHVIRUDVVHPEO\FRDWLQJLQVSHFWLRQWUDQVSRUWDWLRQDQG
VWRUDJH DQG LV FDSDEOH RI UHFRQILJXUDWLRQ LQWR GLIIHUHQW
OD\RXWV ,WXVHVDSURGXFWZLWKPDQ\YDULDQWV WRGHPRQVWUDWH
DVSHFWV RI SURGXFWLRQ SODQQLQJ DQG FRQWURO DQG RUGHU
SURFHVVLQJ
/HDUQLQJIDFWRULHVDUHQRWGXSOLFDWHVRILQGXVWULDOIDFWRULHV
WKH\ DUH GHVLJQHG WR EHVW VXLW DQG VHUYH WKH LQWHQGHG
H[SHULHQWLDO OHDUQLQJ SURFHVV 7KH\ RIWHQ PDQXIDFWXUH VRPH
SDUWVSURGXFWV EXW WKH\ DUH QRW IRU VDOH 7KH GHVLJQ DQG
VHOHFWLRQRIVXFKSURGXFWVLVGULYHQE\GLIIHUHQWUHTXLUHPHQWV
DQGWKHUHIRUHPXVWREVHUYHFHUWDLQFRQVWUDLQWVDQGIXOILOOWKHVH
HGXFDWLRQDO REMHFWLYHV >@  /HDUQLQJ IDFWRULHV YDU\ LQ VFRSH
WUDLQLQJUHVHDUFKDQGDSSOLFDWLRQVLPSOHPHQWDWLRQSK\VLFDO
YLUWXDO LQWHUQVKLSVDQGMRLQWSURMHFWVVL]HIXOOVFDOHVFDOHG




VLJQLILFDQWO\ E\ WKH DVVRFLDWHG LQYHVWPHQW RSHUDWLRQ DQG
PDLQWHQDQFH FRVW )RU ([DPSOH WKH .QRZ)DFW (XURSHDQ
SURMHFWOHGE\WKH8QLYHUVLW\RI3DWUDV>@DGYRFDWHVDWZRZD\





FROOHJH VWXGHQWV &RPSDQ\ HPSOR\HHV DUH RIWHQ WUDLQHG LQ
FRXUVHVRIIHUHGXVLQJ/HDUQLQJ)DFWRULHVORFDWHGLQHGXFDWLRQDO
LQVWLWXWHV )XUWKHUPRUH VHYHUDO FRPSDQLHV KDYH HVWDEOLVKHG




LPSOHPHQW QHZ SURGXFW VROXWLRQV DQG V\VWHP SDUDGLJPV
/HDUQLQJ IDFWRULHVFDQSURYLGHDQHQYLURQPHQW IRUHQJLQHHUV
DQGSUDFWLWLRQHUVWREHFRPHWUDLQHGDQGH[SHULHQFHG/HDUQLQJ
)DFWRULHV PD\ FRQVLVW RI D SK\VLFDO OHDUQLQJ
HQYLURQPHQWKDUGZDUH DQG D GLJLWDO HQYLURQPHQWVRIWZDUH LQ
RUGHU WR VLPXODWH SURGXFWLRQ SURFHVVHV UHDOLVWLFDOO\ %RWK
SK\VLFDODQGGLJLWDOHQYLURQPHQWVVKRXOGEHOLQNHGWRVXSSRUW
WKHDGDSWDELOLW\DQGWKHLPSURYHPHQWRIHDFKHQYLURQPHQWDQG
HPXODWH WKH SURGXFWLRQ LQ UHDO IDFWRULHV 6XFK LQWHJUDWHG
HQYLURQPHQW IDFLOLWDWHV WKH FRGHVLJQDQGFRGHYHORSPHQW RI
SURGXFWV SURGXFWLRQ SURFHVVHV DQG PDQXIDFWXULQJ V\VWHPV
V\QWKHVLV IRU WKHLU ZKROH OLIH F\FOH DQG WKH HQDEOLQJ
WHFKQRORJLHV QHHGHG WR LQFUHDVH PDQXIDFWXULQJ
FRPSHWLWLYHQHVV DJLOLW\ DQG IOH[LELOLW\ >@ &KDQJHDEOH
0DQXIDFWXULQJ 6\VWHPV &06 DUH LPSRUWDQW WR WKH YDULDQW
RULHQWHG GLVFUHWH FRQVXPHU¶V JRRGV LQGXVWULHV 7KH\ DUH
QHFHVVDU\ WR LPSOHPHQW IUHTXHQW FKDQJHV HDVLO\ DQG FRVW
HIIHFWLYHO\
7KHUH DUHPDQ\ LPSRUWDQW FRQVLGHUDWLRQVZKHQ GHVLJQLQJ
DQG VHOHFWLQJ V\VWHPVRULHQWHG /HDUQLQJ )DFWRULHV LQFOXGLQJ





VXSSRUW ERWK VWXGHQWV H[SHULPHQWDWLRQ ZLWK WKH V\VWHP DQG
DOORZ GHPRQVWUDWLRQ RI YDULRXV UHODWHG OHDUQLQJ PRGXOHV






DUHGHYHORSHG WRVXSSRUW WKHSODQQHGHGXFDWLRQDQG UHVHDUFK
REMHFWLYHV DQG EXGJHWDU\ FRQVWUDLQWV $GGLWLRQDOO\ LW LV
GHVLUDEOHWREHDEOHWRGLVDVVHPEOHDQGUHXVHWKHSURGXFWVIRU
PXOWLSOHUHVHDUFKDQGOHDUQLQJF\FOHVWRPD[LPL]HWKHOHDUQLQJ




$Q LQWHJUDWHG SURGXFWV DQG V\VWHPV±RULHQWHG W\SH RI
/HDUQLQJ )DFWRULHV ZDV VHW XS LQ  DW WKH ,QWHOOLJHQW
0DQXIDFWXULQJ 6\VWHPV &HQWUH DW 8QLYHUVLW\ RI :LQGVRU LQ
&DQDGDWKHILUVWL)DFWRU\LQ1RUWK$PHULFD>@LOOXVWUDWHGE\
)LJXUH7KHHTXLSPHQWLQWKLVOHDUQLQJIDFWRU\LVVLPLODUWR
WKDW DW WKH 8QLYHUVLW\ RI 6WXWWJDUW KRZHYHU LW IRFXVHV RQ
V\VWHPV OHDUQLQJ ZKLFK LQWHJUDWHV SURGXFWV GHVLJQ













7KH L)DFWRU\ LV DQ H[DPSOH RI D WUXO\ PRGXODU DQG
UHFRQILJXUDEOHDVVHPEO\IDFWRU\ZLWKWKHDELOLW\WRFKDQJHERWK
LWV FRQILJXUDWLRQ DQG OD\RXW E\PRGXOHV UHORFDWLRQ DGGLWLRQ
DQGRU UHPRYDO 7KLV ³)DFWRU\LQD/DE´ FRQWDLQV PRGXODU
3OXJ DQG 3URGXFH URERWLF DQG PDQXDO DVVHPEO\ FRPSXWHU
YLVLRQ LQVSHFWLRQ DXWRPDWHG VWRUDJH DQG UHWULHYDO V\VWHP
$656DQGPDWHULDOKDQGOLQJPRGXOHV5),'VFRPPXQLFDWLRQ





WKH L'HVLJQ L3ODQ DQG L)DFWRU\ HQYLURQPHQW ZLWK UDSLG
SURWRW\SLQJ DQG FRRUGLQDWH PHDVXULQJ PDFKLQH IDFLOLWLHV
ZKLFK FRQVWLWXWH WKH ³/HDUQLQJ )DFWRU\´ )LJXUH  ZKLFK
SURYLGHV DQ H[FHSWLRQDO H[SHULHQWLDO OHDUQLQJ WUDLQLQJ DQG
UHVHDUFKH[SHULHQFHIRUXQGHUJUDGXDWHDQGJUDGXDWHVWXGHQWV
UHVHDUFKHUV DQG SURIHVVLRQDO WUDLQHHV .QRZOHGJH HOHPHQWV
FRYHUHG LQFOXGH SURGXFWV GHVLJQ SURWRW\SLQJ FXVWRPL]DWLRQ
DQG SHUVRQDOL]DWLRQ YDULDQWEDVHG SURFHVV SODQQLQJ RUGHU
SURFHVVLQJ IRUPL[HGPRGHO SURGXFWLRQ G\QDPLFSURGXFWLRQ
SODQQLQJ DQG VFKHGXOLQJ DQG SULQFLSOHV DQG HQDEOHUV RI






7KLV ULFK HQYLURQPHQW LV DOVR FRQGXFLYH RI LQQRYDWLYH
UHVHDUFKFRQGXFWHG LQ WKH ,QWHOOLJHQW0DQXIDFWXULQJ6\VWHPV
&HQWHUDWWKH8QLYHUVLW\RI:LQGVRUVXFKDV LVWUDWHJLHVIRU





6FDOH WR SURGXFH LQ UHVSRQVH WR IOXFWXDWLQJGHPDQG UDQJLQJ





QRW RQO\ DGRSW IOH[LEOH WHFKQLFDO VROXWLRQV EXW PXVW DOVR
HIIHFWLYHO\ LQQRYDWH DQG PDQDJH FRPSOH[ VRFLRWHFKQLFDO
V\VWHPVLLLFRHYROXWLRQDQGFRGHYHORSPHQWRISURGXFWVDQG
WKHLUPDQXIDFWXULQJ V\VWHPV LQVSLUHGE\ELRORJLFDO HYROXWLRQ
DQGPRGHOOHGXVLQJ&ODGLVWLFVKLHUDUFKLFDOFODVVLILFDWLRQ>@
WKHPRGHO HPERGLHV D WKUHHIROG DSSURDFK ILUVW LW LGHQWLILHV
HYROXWLRQFRXUVHVRISURGXFWVDQGPDQXIDFWXULQJFDSDELOLWLHV
WKHQ LW VHDUFKHV IRU WKH EHVW PDWFKLQJ FRXUVHV WR DVFHUWDLQ
PDQXIDFWXULQJ FRHYROXWLRQ DQG ILQDOO\ LQIRUPV IXWXUH
SODQQLQJJXLGHGE\WKHHVWDEOLVKHGFRHYROXWLRQVFKHPH7KH
UHVXOWV UHYHDO WKH H[LVWHQFH RI VWURQJ V\PELRWLF FRHYROXWLRQ
UHODWLRQVKLSV LY QHZ DSSOLFDWLRQV RI 0D[3OXV $OJHEUD LQ
PRGHOOLQJDQGVLPXODWLRQRIPDQXIDFWXULQJV\VWHPV>@PD[
SOXV DOJHEUD LV D PDWKHPDWLFDO WRRO WKDW FDQ PRGHO GLVFUHWH
HYHQWV\VWHPVLQOLQHDUHTXDWLRQVDQDORJRXVWRWUDGLWLRQDOVWDWH
VSDFHG\QDPLF HTXDWLRQV0RGHOLQJ0L[HG0RGHO$VVHPEO\
/LQHV 00$/V ZLWK PD[SOXV HTXDWLRQV ZRXOG HQDEOH
FRPSDULQJVHTXHQFHVRYHUUDQJHVRIYDOXHVRIDVVHPEO\WLPHV
WKXV LQFUHDVLQJ WKH UREXVWQHVV DQG UHOLDELOLW\ RI REWDLQHG
UHVXOWV Y GHVLJQ V\QWKHVLV RI PDQXIDFWXULQJ DQG DVVHPEO\
V\VWHPV DQG RSWLPXP V\VWHP JUDQXODULW\ >@ WKH RSWLPXP
JUDQXODULW\ OHYHO DQG QXPEHU RI PRGXOHV DUH GHWHUPLQHG
LQGLFDWLQJ WKH SRWHQWLDO SURGXFW DQG SURFHVV SODWIRUPV YL
PDQXIDFWXULQJ V\VWHPV OD\RXW FRPSOH[LW\ PRGHOOLQJ DQG
PHWULFV >@ WKH QDWXUH DQG VRXUFHV RI FRPSOH[LW\ LQ WKHVH
DUHDVDUHUHYLHZHGDQGFRPSOH[LW\PRGHOLQJDQGPDQDJHPHQW
DSSURDFKHVDUHGLVFXVVHGYLLPRGXODUSURGXFW±PXOWLSODWIRUP
FRQILJXUDWLRQ >@ WKH QHZ PRGHO FXVWRPL]HV SURGXFW
SODWIRUPVE\HLWKHUDVVHPEO\DQGRUGLVDVVHPEO\ WRSURGXFH
GLIIHUHQWSURGXFWVDQGIDPLOLHV7KHRSWLPDOSURGXFWSODWIRUPV
DUH GHILQHG EDVHG RQ SURGXFW GHPDQG LQ HDFK SHULRG 7KH
GHYHORSHG PRGHO LQFRUSRUDWHV WKH FRVW RI




SUHVHQWHG IRU JHQHUDWLQJ WKH DVVHPEO\ VHTXHQFH RI D JLYHQ
SURGXFWEDVHGRQDYDLODEOHDVVHPEO\VHTXHQFHGDWDRIVLPLODU
SURGXFWV7KHSURSRVHGPDWKHPDWLFDOPRGHOILQGVWKHRSWLPDO
FRQVHQVXV DVVHPEO\ VHTXHQFH WUHH IRU DQ H[LVWLQJ SURGXFW






7KH GHYHORSPHQW RI PDQXIDFWXULQJ V\VWHPV WKDW DUH
DGDSWLYH WR WKH IUHTXHQW FKDQJHV LQ SURGXFWV DQG PDUNHW
FRQGLWLRQVLVEHFRPLQJLPSRUWDQWZLWKWKHLQFUHDVHLQSURGXFWV
24   Hoda ElMaraghy and Waguih ElMaraghy /  Procedia CIRP  32 ( 2015 )  19 – 24 
YDULHW\DQGFKDQJHVLQSURGXFWLRQYROXPHVWRPHHWFXVWRPHUV¶








WKH GHYHORSPHQW RI D QHZ DJH RI FKDQJHDEOHPDQXIDFWXULQJ
V\VWHPV&06DQG,QWHOOLJHQW0DQXIDFWXULQJV\VWHPVVXFKDV
WKRVH HQYLVLRQHG E\ ,QGXVWU\  LQLWLDWLYHV LQ (XURSH DQG
1RUWK$PHULFD
,WLVGHVLUDEOHWRSURYLGHHQJLQHHULQJVWXGHQWVZLWKKDQGVRQ




WKDW FDQ OHQG WKHPVHOYHV WR V\VWHPVRULHQWHG WUDLQLQJ 7KH\
YDU\JUHDWO\LQW\SHVFRSHIXQFWLRQVL]HDQGSK\VLFDOORFDWLRQ
EXW FDQ RIIHU D UHZDUGLQJ H[SHULHQFH ZKHQ FRXSOHG ZLWK
DSSURSULDWH OHDUQLQJ PRGXOHV DQG HGXFDWLRQ SHGDJRJ\ 7KH
HVVHQWLDO NQRZOHGJH HOHPHQWV VSDQQLQJ WKH LQWHJUDWHG
SURGXFWV\VWHPOLIHDQGWKHHIIHFWVRIFKDQJHVLQSURGXFWVRQ
WKH PDQXIDFWXULQJ V\VWHPV V\QWKHVLV DQG RSHUDWLRQ DUH
PDQGDWRU\3DUWLFXODUHPSKDVLVVKRXOGEHSODFHGRQDGDSWDEOH








WRZDUGV UHDOL]LQJ WKHVH REMHFWLYHV 7KLV )DFWRU\,Q$/DE






6\VWHPV ,06&HQWUH DW WKH8QLYHUVLW\ RI:LQGVRUZKLFK
FDUULHVRXWDGYDQFHGUHVHDUFKLQDZLGHUDQJHRIWRSLFVUHODWLQJ
WR WKH KROLVWLF GHVLJQ DQG PDQXIDFWXULQJ LQWHJUDWLRQ 7KH
FRQWULEXWLRQV WR WKH UHVHDUFK SXEOLFDWLRQV DQG JUDGXDWH
GLVVHUWDWLRQV E\ WKH UHVHDUFKHUV LQ WKH ,06 &HQWUH DUH
DFNQRZOHGJHG7KHUHVHDUFKIXQGLQJSURYLGHGE\WKH1DWXUDO
6FLHQFHVDQG(QJLQHHULQJ5HVHDUFK&RXQFLO16(5&DQGWKH
&DQDGD 5HVHDUFK &KDLUV &5& SURJUDP DV ZHOO DV WKH
LQIUDVWUXFWXUHJUDQWWRHVWDEOLVKWKH/HDUQLQJ)DFWRU\SURYLGHG
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